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Abstract 

A series of tests were conducted to determine the bending reaction of typical sections 
used as trailer stakes made from various materials with different cross sections. A 
bending force was applied 1 m above, and parallel to, the trailer deck in an outboard 
direction and was increased until the stake material yielded. The applied force and 
accompanying stake deflection was measured. 

The tests showed that wood stakes failed abruptly by cracking and splintering, metal 
channels failed in bending, and tubes buckled. 

None of the sections typically used as trailer stakes has adequate strength for use as 
part of a cargo securement system. 



Executive Summary 

A lack of understanding of the technical basis for existing regulations on cargo 
securement meant it was not possible to resolve differences between them to revise a 
cargo securement standard for Canada’s National Safety Code. This process identified 
a number of research needs, which are now being addressed through the North 
American Load Security Research Project. 

This preliminary work identified a number of components that may be used in a cargo 
securement system that required testing. One of these components was stakes fitted 
into trailer stake pockets, and commonly used on stake and rack flatbed trailers. Such 
stakes may be used to contain cargo, so the bending resistance must react against the 
cargo. The ability of the stakes to resist bending was therefore examined to determine 
the maximum forces that could be applied and the resulting deflections due to bending, 
as outlined in Section 9.4 of the project proposal. 

A pneumatically operated machine was used to apply a bending moment to the stake 
while measuring applied force and deflection. Sample stakes were inserted into the 
machine and the stakes were loaded until the material yielded or fractured. 

Wood stakes failed abruptly by cracking and splitting. The bending moment to cause 
failure was less than any of the metal stakes tested, and they were the most flexible of 
any of the stakes tested. Thick web aluminum channel and steel tubes and channel 
allowed the highest bending moment and stiffest reaction before yielding. Hollow 
sections, such as steel and aluminum rectangular tubing kinked and buckled at loads 
in the plastic region of the characteristic curve. Once kinking and buckling occurred, 
the stake folded and offered little additional resistance. 

All sections failed at quite modest loads, in accordance with the engineering theory of 
bending. None of the sections typically used as trailer stakes is adequate to serve as 
part of a cargo securement system. 

This report presents technical results from just one task in this project. The results may 
be limited by the scope of this task, but are placed in context in the summary report. 
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I/ Introduction 

Heavy truck cargo securement is a matter of public safety, subject to a body of industry 
practice and government regulation. Regulations are broadly similar across North 
America’s many jurisdictions, but there are also some significant differences. When the 
Canadian Council of Motor Transport Administrators (CCMTA) came to revise a cargo 
securement standard for Canada’s National Safety Code, a lack of understanding of the 
technical basis for existing regulations made it impossible to resolve differences 
between them, and a number of research needs were identified. Ontario Ministry of 
Transportation prepared a draft proposal for this research that was widely circulated for 
review through governments and industry. The proposal was revised and became the 
work statement for the North American Load Security Research Project [I]. It has three 
objectives : 

l To determine how parts of cargo securement systems contribute to the overall 
capacity of those systems; 

0 To demonstrate the adequacy of parts, and the overall capacity, of cargo 
securement systems; and 

l To develop principles, based on sound engineering analysis, that could 
contribute to an international standard for cargo securement for heavy trucks. 

The goal is to supplement existing practice with these research findings, and to 
develop uniform North America-wide standard for cargo securement and inspection. 

The outer frames and rails of many flatdeck trailers are equipped with pockets that are 
designed to take a vertical stake. Stakes may be wood, or standard metal sections like 
steel and aluminum structural sections, or may be custom-designed extrusions. Stake 
pockets are invariably open on the bottom, so stakes are tapered or equipped with a 
stop, or wedges are used to keep them in place. In some instances flat sections of wall 
material, usually wood or fibreglass, are connected between the stakes to provide a 
removable side wall to the trailer. 

An article of cargo may be placed directly or indirectly against a stake inserted into a 
stake pocket on the trailer, as illustrated in Figure 1. If a stake is used in this manner, 
it takes lateral loads due to a cargo shift across the deck, as shown in Figure 2. The 
stake reacts the applied load at one or several contact points along its length by 
producing a bending moment in the stake that is reacted at the stake pocket. 

Flatdeck trailer stakes are diverse, and are not known to be rated. The purpose of this 
test was to examine the bending strength of typical sections that may be used as 
stakes, to determine the extent to which they might be considered part of a cargo 
securement system. The work was outlined in Section 9.4 of the project proposal [I]. 
It does not deal with engineered stakes, such as those used on log trailers, which are 
designed to restrain very heavy loads. The strength of the stake pocket is also beyond 
the scope of this test, but has been addressed in detail in another part of the project [2]. 
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Figure I/ Uses of Stakes to Secure Cargo 
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Figure 2/ Stake Reaction to Cargo Shift 
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2/ Test Program 

2.1/ Objectives 

The objectives of this test were to determine the bending strength of various typical 
trailer stakes, and to apply these data to determine the extent that stakes should be 
considered part of a cargo securement system. 

2.21 Scope 

The test was conducted using eight different stakes, two of wood, two of steel, and four 
of aluminum. Stakes of asymmetric form that could be fitted in a pocket in either of two 
directions were tested in both directions. 

31 Procedures 

3.1/ Test Apparatus 

A machine built to determine the strength of nailed wood blocking was adapted for this 
series of tests [3], as shown in Figures 3 and 4. It was constructed with a steel 
framework, with a pneumatic cylinder that applied force to a ram, and guideways that 
constrained the ram to travel in a straight line. Ram travel was monitored by a 
displacement transducer, and the ram reaction force was measured by a force 
transducer. Ram speed was controlled by a manually operated pneumatic valve. The 
machine was adapted with a very heavy duty stake pocket, suitably reinforced to allow 
zero deflection at the pocket. The ram was adapted with a blunt knife edge at its centre 
to apply a point load perpendicular to the stake, 1 m from the stake pocket. 

The stakes tested were: 

I/ 
21 
3/ 

41 

51 

61 

71 

81 

5x10 cm (2x4 in nominal) construction grade oak with grain along length; 
5x10 cm (2x4 in nominal) construction grade spruce with grain along length; 
ASTM A.36 structural steel channel with 7.6x0.64 cm (3x0.25 in) web and 3.8 cm 
(1.5 in) flange at 7.5 kg/m (5 Ib/ft); 
ASTM A.36 welded steel rectangular hollow tube 7.6x3.8 cm (3x1.5 in), 0.32 cm 
(0.120 in) thick, at 5.2 kg/m, 3.48 Ib/ft; 
6061-T6 aluminum structural channel with 7.6x0.48 cm (3x0.1 9 in) web and 
3.8 cm (1.5 in) flange at 2.3 kg/m (1.52 Ib/ft); 
6061-T6 aluminum structural channel with 7.6x0.64 cm (3x0.25 in) web and 5 cm 
(2 in) flange at 3.3 kg/m (2.24 Ib/ft); 
6063-T5 hollow aluminum rectangular structural tubing 7.6x3.8 cm (3x1.5 in), 
0.32 cm (0.120 in) thick at 1.8 kg/m (1 .I 9 Ib/ft); and 
Extruded triangular aluminum wall kit stake, with guideways for wall sections and 
a reinforced base, taken from an operational wall system on a flatdeck trailer. 

3 
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Table I/ Stake Material Yield Stress 

Material Lower Tensile Yield Stress in kg/cm2 (Ib/in2) 

Oak 577-598 (8,200-8,500)at proportionality limit [4] 

Spruce 456-472 (6,500-6,700) at proportionality limit [4] 

Steel - ASTM A.36 2,534 (36,000) [5] 

Aluminum - 6061-T6 2,851 (40,500) [5] 

Aluminum - 6063-T5 1,971 (28,000) [5] 

The stake material yield stresses are shown in Table 1. 

All stake samples were cut to length to fit the test machine, with allowance for stake 
pocket depth, and ram clearance at maximum bending. 

The maximum tensile stress for a uniform section stake supported as shown in Figure 5 
occurs at the outer fibre of the stake, where the stake inserts into the stake pocket, on 
the side of the applied force. The maximum compressive stress occurs at the outer 
fibre of the stake where the stake inserts into the stake pocket on the other side of the 
stake. 

Some of the stake sections were symmetrical in shape about their neutral axis in the 
bending plane. For these stakes a bend in either direction should produce similar 
characteristics unless there are internal flaws or inconsistencies in the material. For 
non-symmetrical channels, it was necessary to test in both directions about the 
bending plane, as shown in Figure 6. 

Moment arm 
Applied force 

>I 

Deflection 

Figure 5/ Points of Maximum Stress 
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Direction of applied bending force 

Flange in tension 

Stake with channel (“C”) cross-section f,’ - Neutral axis in bending plane 

Figure 6/ Bending About Neutral Axis in Both Directions 

3.2/ Instrumentation and Data Capture 

A Strainsert model CPA-0.75-1 clevis pin load sensor, rated at 26.7 kN (6,000 lb), 
connected the ram and guide mechanism to the test machine frame to measure the 
reaction force of the ram on the stake. A Unimeasure model P510-2 pull cord 
transducer attached between the test machine frame and the ram mechanism measured 
the displacement of the stake at the point of application of the force. 

Data from these instruments were captured into a PC-based data acquisition system 
using a sample rate which was adequate to define the applied force and displacements 
of the stake. 35 mm and video cameras were used to record procedures, 
characteristics and outcomes of the tests of general or particular interest. 

3.3/ Test Procedures 

A stake sample was placed into the stake test machine stake pocket, and was shimmed 
to remove any lateral play. Wedges were then hammered in to hold the stake secure. 
The ram was then moved slowly forward until it just touched the stake. The instruments 
were calibrated and set to zero. The ram was energised by manual operation of a 
pneumatic valve, and pushed on the stake until the stake failed. The ram was stopped, 
returned to its original position, and the stake was removed. 

The force and displacement data were captured to a PC based computer system. The 
data in the PC were saved to a file on the hard disk, under a file name that completely 
described the test conditions. The data were retrieved, the calibrations were examined, 
adjusted if necessary, and a quick look assessed whether the data looked reasonable. 
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If there was any question, the run was repeated. The file was saved again, and a 
backup was saved immediately on a floppy disk. 

Samples of equipment and test activity were recorded by photograph, slides and on 
video tape. A detailed log of test activities and observations was maintained. 

3.4/ Data Processing 

The data from each run was simply calibrated and de-trended in a specialized test data 
processing program written at MTO. Traces of bending force and displacements were 
examined to determine the characteristics of responses, and traces were extracted and 
entered in a spreadsheet program, and were summarized in tables and graphical form 
for this report. 

3.5/ Test Matrix 

There were eight stake samples, including three channels with a non-symmetric cross 
section that were tested in two orientations. The test matrix is presented in Table 2. 

1 rest Material 

1 Wood - oak 
1 

2 Wood - spruce ~ 
3a ASTM A.36 steel 

structural than nel 

3b As above 

4 ASTM A.36 steel 
rectangular tube 

5a 6061 -T6 aluminum 
structural than nel 

5b As above 
6a 6061 -T6 aluminum 

structural than nel 

6b As above 
7 6063-T5 aluminum 

rectangular tube 
8 Extruded aluminum 

wall kit stake 

Table 2/ Test Matrix 

Size Tension 

5x10 cm (2x4 in) nominal, solid section 

jx10 cm (2x4 in) nominal, solid section 
7.6x0.64 cm (3x0.258 in) web, 3.8 cm (1.5 in) Web 
‘lange at 7.5 kg/m (5 Ib/ft) 

4s above Flange 

7.6x3.8 cm (3x1.5 in), 0.32 cm (0.12 in) thick 
at 5.2 kg/m (3.48 Ib/ft) 

7.6x3.8 cm (3x1.5 in), 0.48 cm (0.19 in) thick Web 
at 2.3 kg/m (1.52 Ib/ft) 

As above Flange 

7.6x5 cm (3x2 in), 0.64 cm (0.25 in) thick at Web 
3.3 kg/m (2.24 Ib/ft) 

As above Flange 

7.6x3.8 cm (3x1.5 in), 0.30 cm (0.120 in) thick 
at 1.8 kg/m (1 .I 9 Ib/ft) 

Triangular outside, circular inside with slots 
for wall sections and reinforced base 
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4/ Results and Observations 

When the oak and spruce stakes were tested, both fractured by splitting on the tensile 
side of the stake near the stake pocket. The oak stake is shown being loaded in 
Figure 7. The bending moment and deflection relationship for oak and spruce stakes 
is shown in Figure 8. 

The steel channel flange buckled slightly when it was compressed. When tested with 
flanges in tension, they elongated at their edges. The steel channel characteristic is 
shown in Figure 9. 

When the aluminum channel was tested with web in tension, elongation was noted in 
the web and compression was noted in the flange. There was no evidence of buckling 
as with steel channel. Testing with the flange in tension caused yielding of the flange 
edge. The aluminum stake bending characteristic is shown in Figure IO. 

With both steel and aluminum tubes, the stake face under compression kinked and bent -.. 
at maximum load. The extruded aluminum wall kit stake, with a’hollow section, bent with 
a characteristic similar to the channel sections. The characteristics for the rectangular 
hollow tubes and wall kit stake are shown in Figure 11. 

/” 
-. 

-. 

Figure 7/ Machine Loading Oak Stake Close to Failure 
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Figure 8/ Oak and Spruce Stake Bending Moment vs Deflection 

10 15 
Deflection (cm) 

Figure 9/ Steel Channel Stake Bending Moment vs Deflection 
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- 7.6 x 3.8 x .48 cm -web in tension 

- 7.7 x 3.8 x .48 cm - flange in tension 

7.6 x 5 x .64 cm - web in tension 

7.6 x 5 x .64 cm - flange in tension 
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Figure lO/ Aluminum Channel Stake Bending Moment vs Deflection 

- Rectangular steel section 

Rectangular aluminum section 

- Aluminum wall kit stake 

0 10 15 20 25 
Deflection cm 

-. -~-~ 

Figure ll! Hollow Steel and Aluminum Stake Bending Moment vs Deflection 
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- Test 1 

- Test 2 

I " 
0 5 10 15 20 25 

I Deflection (cm) 

Figure 12/ Bending Moment vs Deflection Characteristics for All Stakes 

The characteristics for all stakes tested are shown in Figure 12 referenced by test 
number. Clear breakage points (splitting) can be seen for the wood sample stakes, 
tests 1 and 2. Where failure occurred due to partial yield, buckling or kinking, the 
bending moment vs deflection curves display a decreasing change in slope, as seen 
for all the other tests. The slope decreases further as the area yielding becomes larger. 
Little difference in reaction is evident for channel sections tested in both directions 
about the neutral axis, tests 3a and 3b, 5a and 5b, and 6a and 6b. The rectangular 
hollow tube sections, tests 4 and 7, showed a peak followed by a negative bending 
moment characteristic slope. This was due to buckling, producing a kinking effect, 
which caused the stake to fold. The extruded wall kit stake, though hollow, had thick 
enough walls that they did not kink as to cause a decline in bending moment. Once the 
yield point was reached the slope of the characteristic gradually decreased. 



5/ Analysis and Discussion 

5.1/ General 

When a stake is subjected to a bending moment, the fibres react in an elastic manner 
up to a stress point known as the yield stress. At stresses beyond the yield stress, the 
material may react either by breaking (severance, surface fracture), or by deforming 
plastically. If plastic deformation is allowed to progress, through a subsequent increase 
in stress, then a fracture will ultimately occur. In the case of a stake, the maximum 
bending stress occurs adjacent to the point where stake is secured, as shown in 
Figure 3. A deflection of the stake occurs at the point of loading. The maximum stress 
induced will be both compressive and tensile, immediately adjacent to the stake pocket, 
Figure 3. When the stress within the stake is less than the yield stress, the stake fibres 
are behaving in an elastic manner. If the stress were removed, the stake would spring 
back to its original shape and position. If the stress was in excess of the yield stress, 
and the stress removed the recovery would not be complete. Portions of the cross 
section would have experienced plastic deformation and a permanent bend would have 
occurred. The degree of permanent bend would be proportional to the amount of stress 
in excess of yield stress applied. 

The characteristic of a stake subjected to a bending moment takes the form of a 
bending moment vs deflection graph. Typical plots are shown in Figure 12. A straight 
line relationship exists up to the point where the characteristic tends to curve to the 
right. This characteristic is shown broken down into its components, for different stake 
materials, in Figure 13. 

Elastic limit 
, Typical characteristic for a section buckling 

Typical characteristic for a section undergoing 
compressive stress without buckling or kinking 

Elastic limit 

I- , Elastic limit 

characteristic for a section that 
splinters or fractures at the elastic limit 

Deflection 

Figure 13/ Typical Stake Bending Characteristics 
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Applying a bending moment initially causes elongation of the fibres proportional to the 
deflection, a straight line relationship. This is the elastic region, and the material will 
return to its original shape once the bending moment is removed. The point where the 
bending moment begins to deviate from a straight line is the elastic limit, or yield point. 
Any loading beyond this point will cause permanent deformation and/or breakage. 

The shape of the curve beyond the yield point is different for different materials and 
cross sections. A ductile material and section responds in the form of curve (A), up to 
the point of “necking”, a thinning of the stressed fibres while undergoing plastic 
deformation. For a material or section that kinks or buckles, the characteristic takes the 
form of curve (B). This is an unstable characteristic, as once the maximum bending 
moment is achieved, the section collapses very quickly. Characteristic (C) represents 
a brittle material that breaks almost immediately when the elastic limit is achieved. In 
some cases, the characteristic may curve slightly as external fibres break and the 
internal fibres still provide elastic resistance, but such a condition is usually short lived. 

5.2/ Peak Bending Moments and Deflections 

Figure 14 shows the bending moments achieved at the yield point, and at a point where 
it either peaked or the slope became extremely shallow. Figure 15 shows the bending 
moment at the yield point. The heavier aluminum channel provided the greatest 
resistance, followed by the steel tube. The lighter aluminum channel and wood were 
on the lower end of the scale. The stake deflection at the yield point is shown in 
Figure 16. Wood had the largest deflection, and aluminum and steel had similar 
deflections at yield. 

The bending moment at the yield point is the maximum moment that the stake can resist 
before it becomes permanently deformed. Although it may be able to withstand higher 
bending moments, and may appear undamaged, permanent changes have occurred 
and may have caused significant weakness. For the purpose of stake evaluation, once 
bending has gone beyond the yield point, the stake is considered to have failed. The 
yield point data presented in Figure 16 can therefore rank the stakes tested. 

5.3/ Spring Constant Consideration 

Another criterion in measuring a stakes ability to resist a load is the force/deflection 
relationship, or spring constant. This is the amount of bending moment (or force at a 
fixed height) to produce a unit deflection in the stake. The spring constants are shown 
in Figure 17. 

The smaller the spring constant, the more flexible the stake. The higher the spring 
constant the stiffer the stake. The wood stakes and the light aluminum channel are the 
most flexible, and the steel tube is the stiffest. The channels have similar spring 
constants in either direction. The tubes and channels are the stiffest, but are also the 
ones most susceptible to kinking and buckling failure. 

13 
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Figure 141 Maximum Bending Moments at Yield Point 
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Figure 15/ Deflection at Yield Point 
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Figure 16/ Bending Moment at Yield Point 
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Figure 17/ Spring Constant for Force 1 m above Deck 
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-- Lt Al channel 5a - Steel channel 3b 

Spruce - Steel channel 3a 

-- Lt Al channel 5b - Steel tube 

- Oak Hvy Al channel 6b 
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Force Application Height Above Deck (cm) 

Figure 181 Available Force at Stake for Various Heights, Based on Yield Point 

5.4/ Projection of Data for Different Heights Above Deck 

The loading was applied at a point 1 m above the trailer deck. However, the data can 
be applied to other heights by adjusting the moment arm length in the bending moment. 
Below about 45 cm (18 in), shear increasingly alters the principal stress orientation and 
reduces the failure predictability significantly. The force at yield is shown in Figure 18 
for heights 45 cm to 1 m above the deck for all stakes tested. 

5.W Load Capacity of Stakes 

General purpose flatdeck trailer stakes are generally not known to be provided with a 
load capacity rating comparable to the working load limit for tiedowns. Other parts of 
cargo securement systems are typically rated by dividing their breaking strength by a 
safety factor, in many cases a number around 3. Taking the data of Figure 14, then, 
and dividing the maximum bending moment by 3 gives values in the range 0.5-l .7 kN-m 
(368-l ,253 ft-lb). At a height of 1 m (39.37 in), this corresponds to resistance in the 
range 0.5-1.7 kN (112-382 lb), which increases as the height of contact diminishes, as 
shown in Figure 18. These values are insignificant compared to the weight of much of 
the cargo carried on flatdeck trailers. These sections clearly can contribute little of the 
resistance required to secure such cargo. 
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6/ Conclusions 

A series of tests were conducted to determine the forces and reactions experienced by 
vertical stakes, made from various materials with different cross sections mounted in 
stake pockets. A bending force was applied one meter high above, and parallel to, the 
trailer deck in an outboard direction and was increased until the stake material yielded. 
The applied force, converted to a bending moment, and accompanying stake deflection 
displacement was measured. 

Wood stakes failed abruptly by cracking. The bending moment to cause failure was less 
than any of the metals tested. Wood was the most flexible (lowest spring constant) of 
any of the stakes tested. Thick web aluminum channel , steel tubes and steel channel 
provided the highest reactive bending moment and possessed the stiffest reaction (high 
spring constant) before yielding. Hollow sections, such as steel and aluminum 
rectangular tubing kinked and buckled at peak loads in the plastic region of the 
characteristic curve. Once kinking and buckling occurred, the stake folded and offered 
little load restraining qualities. When channel deformed, the characteristic gradually 
levelled providing a uniform restraining moment as the material yielded. The available 
restraining force of the stakes changed little with respect to height above deck for lower 
strength stakes, and significantly for the higher strength stakes. 

The sections tested all performed in accordance with the engineering theory of bending. 
Typical sections used as flatdeck trailer stakes had such low resistance to bending that 
they are only suitable for use as a means of cargo securement for light articles of cargo. 
They will provide greater resistance in shear for cargo butted against the bottom of a 
stake. 

This report presents technical results from just one task in this project. The results may 
be limited by the scope of this task, but are placed in context in the summary report [6]. 

7/ Recommendations 

I/ Typical sections used as stakes for flatdeck trailers used in bending are only 
suitable to provide securement for quite light articles of cargo, and can only 
provide a modest amount of the securement required for heavy articles of cargo. 
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